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到重金属胁迫影响的性状，如在 Pb、Cu、Zn、As 及 Cd
的复合胁迫影响下，水稻的株高平均降低 4. 0 ～ 5. 0
cm［8］．重金属胁迫同时也会影响叶片的形态发育，对













(Panax notoginseng)中也发现 Cd 胁迫会导致根系完
整性被破坏［15］．
1．2 影响途径




抑制原生质膜的 ATPase，从而影响植物的 N 吸收．不
同种类的重金属对 N 吸收和运输的抑制过程存在差
异，这是因为在清除重金属后植物 N 吸收的恢复时间











过程，如 Al胁迫下小麦(Triticum aestivum)对 Ca 的吸




































的关键调控目标［28-29］．在重金属中 Cd 对 ＲuBisCO 活
性的影响有较多的报道，Cd 胁迫降低了 ＲuBisCO 在
植物体内的浓度［30］，从而影响光合过程．但也有结果










































































取得了初步的成果． Kuta 等比较了堇菜属 Viola



































Tab. 1 The comparison of the technical means used under heavy metal pollution
类型 措施 优点 不足



































物生长抑制的效果［63］．通过施加 P 肥，小麦在 Cd 胁迫
下对 Cd的吸收降低，抗氧化系统效率提高，对微量元
素 Mn的吸收增加，光合速率升高，同时增加了干物质


































































重金属胁迫产生的 Fe缺乏，因而在 Cd 污染地区的产
量得到了提高［55］．与植物共生的一些真菌也具有改善
重金属胁迫下植物生长的作用．接种丛枝菌根真菌后，
在 Cd 胁迫下番茄(Solanum lycopersicum)的叶绿素含
量提高，活性氧损伤下降，株高增加［56］．接种了深色有









































Cd影响的浓度可以提高到 100 μmol /L CdCl2，而正常
的对照植株在此浓度下生长则受到严重的抑制［61］．通
过引入水稻中与金属转运有关的基因 OsNＲAMP1，拟




水稻中与 Cd 吸收有关的重要基因［89］，通过敲除 Os-
NＲAMP5基因，可以降低水稻对重金属 Mn 与 Cd 的吸
收，但 OsNＲAMP5敲除的品种却容易因 Mn 吸收不足






























































































［2］ KOLBEＲT Z．Implication of nitric oxide (NO)in excess ele-
ment-induced morphogenic responses of the root system［J］．
Plant Physiology and Biochemistry，2016，101:149-161．
［3］ VISIOLI G，CONTI F D，MENTA C，et al．Assessing biochar
ecotoxicology for soil amendment by root phyto－toxicity bio-
assays［J］．Environmental Monitoring and Assessment，2016，
188(3) :166．
［4］ NANDA Ｒ，AGＲAWAL V．Elucidation of zinc and copper in-
duced oxidative stress，DNA damage and activation of
defence system during seed germination in Cassia
angustifolia Vahl［J］． Environmental and Experimental
Botany，2016，125:31-41．
［5］ OSTONEN I，PTTSEPP ，BIEL C，et al． Specific root
length as an indicator of environmental change［J］．Plant Bi-
osystems，2007，141(3) :426-442．
［6］ BOCHICCHIO Ｒ，SOFO A，TEＲZANO Ｒ，et al．Ｒoot archi-
tecture and morphometric analysis of Arabidopsis thaliana
grown in Cd /Cu /Zn-gradient agar dishes:a new screening
technique for studying plant response to metals［J］． Plant
Physiology and Biochemistry，2015，91:20-27．
［7］ ALVAＲEZ I，SAM O，ＲEYNALDO I，et al． Toxic effect of
Al3+ ion in the root tip of two Cuban rice cultivars (Oryza sa-
tiva L．)［J］．Ｒevista Internacional de Contaminacion Ambi-
ental，2013，29(4) :315-323．
［8］ ZHOU Q X，WANG X，LIANG Ｒ L，et al．Effects of cadmium
and mixed heavy metals on rice growth in Liaoning，China
［J］．Soil ＆ Sediment Contamination，2003，12(6) :851-864．
［9］ ZHANG X，ZHANG X，GAO B，et al．Effect of cadmium on
growth，photosynthesis，mineral nutrition and metal accumu-
lation of an energy crop，king grass (Pennisetum americanum
×P． purpureum) ［J］． Biomass and Bioenergy，2014，67:
179-187．
［10］ BAＲYLA A，CAＲＲIEＲ P，FＲANCK F，et al．Leaf chlorosis
in oilseed rape plants (Brassica napus)grown on cadmium-
polluted soil:causes and consequences for photo-synthesis
and growth［J］．Planta，2001，212(5 /6) :696-709．
［11］ BLANCAFLOＲ E B，JONES D L，GILＲOY S．Alterations in
the cytoskeleton accompany aluminum－induced growth in-
hibition and morphological changes in primary roots of
maize［J］．Plant Physiology，1998，118(1) :159-172．
［12］ SIVAGUＲU M．Impacts of aluminum on the cytoskeleton of
the maize root apex．Short－term effects on the distal part of
the transition zone［J］． Plant Physiology，1999，119(3) :
1073-1082．
［13］ YUAN H M，HUANG X．Inhibition of root meristem growth
by cadmium involves nitric oxide －mediated repression of
auxin accumulation and signalling in Arabidopsis［J］．
Plant，Cell ＆ Environment，2016，39(1) :120-135．
［14］ LI M，WANG G Ｒ，LI J Y，et al． Foliar application of
betaine alleviates cadmium toxicity in maize seedlings［J］．
Acta Physiologiae Plantarum，2016，38(4) :95．
［15］ KAN Q，WU W W，YU W Q，et al．Nitrate reductase－medi-
ated NO production enhances Cd accumulation in Panax
notoginseng roots by affecting root cell wall properties［J］．
Journal of Plant Physiology，2016，193:64-70．
［16］ 祖艳群，李元，BOCK L，等．重金属与植物 N素营养之间
的交互作用及其生态学效应［J］．农业环境科学学报，
2008，27(1):7-14．
［17］ WEBEＲ M B，SCHAT H，TEN BOOKUM-VAN DEＲ
MAAＲEL W M．The effect of copper toxicity on the contents
of nitrogen compounds in Silene vulgaris (Moench)Garcke




［18］ BUＲZYNSKI M，BUCZEK J． The influence of Cd，Pb，Cu
and Ni on NO3
－ uptake by cucumber seedlings．Ⅰ． Nitrate
uptake and respiration of cucumber seedlings roots treated
with Cd，Pb，Cu and Ni［J］．Acta Physiologiae Plantarum，
1994，16(4):291-296．
［19］ AIT ALI N，BEＲNAL M P，ATEＲ M．Tolerance and bioac-
cumulation of copper in Phragmites australis and Zea mays
［J］．Plant and Soil，2002，239(1) :103-111．
［20］ HUANG J W，SHAFF J E，GＲUNES D L，et al．Aluminum
effects on calcium fluxes at the root apex of aluminum－tol-
erant and aluminum-sensitive wheat cultivars［J］． Plant
Physiology，1992，98(1) :230-237．
［21］ FODOＲ F，SＲVＲI ，LNG F，et al．Effects of Pb and
Cd on cucumber depending on the Fe － complex in the
culture solution［J］． Journal of Plant Physiology，1996，148
(3 /4) :434-439．
［22］ YOSHIHAＲA T，HODOSHIMA H，MIYANO Y，et al．Cad-
mium inducible Fe deficiency responses observed from
macro and molecular views in tobacco plants［J］．Plant Cell
Ｒeports，2006，25(4) :365-373．
［23］ BOUCKAEＲT J，LOＲIS Ｒ，WYNS L． Zinc /calcium- and
cadmium /cadmium-substituted concanavalin A:interplay of
metal binding，pH and molecular packing［J］．Acta Crystal-
lographica Section D:Biological Crystallography，2000，56
(12) :1569-1576．
［24］ ZHANG X B，WANG L H，ZHOU A H，et al．Alterations in
cytosol free calcium in horseradish roots simultaneously ex-
posed to lanthanum(Ⅲ)and acid rain［J］． Ecotoxicology
and Environmental Safety，2016，126:62-70．
［25］ GOSWAMI S，DAS S．Copper phytoremediation potential of
Calandula officinalis L． and the role of antioxidant enzymes
in metal tolerance［J］． Ecotoxicology and Environmental
Safety，2016，126:211-218．
［26］ TANYOLA D，EKMEKI Y，NALAN 爦．Changes in pho-
tochemical and antioxidant enzyme activities in maize (Zea
mays L．) leaves exposed to excess copper ［J］．
Chemosphere，2007，67(1) :89-98．
［27］ FAGIONI M，D'AMICI G M，TIMPEＲIO A M，et al． Pro-
teomic analysis of multiprotein complexes in the thylakoid
membrane upon cadmium treatment［J］．Journal of Proteome
Ｒesearch，2009，8(1) :310-326．
［28］ WILSON Ｒ H，ALONSO H，WHITNEY S M．Evolving Meth-
anococcoides burtonii archaeal rubisco for improved photo-
synthesis and plant growth［J］． Scientific Ｒeports，2016
(6) :22284．
［29］ PＲINS A，OＲＲ D J，ANDＲALOJC P J，et al．Ｒubisco cata-
lytic properties of wild and domesticated relatives provide
scope for improving wheat photosynthesis［J］．Journal of Ex-
perimental Botany，2016，67(6) :1827-1838．
［30］ GALMS J，AＲANJUELO I，MEDＲANO H，et al． Va －
riation in rubisco content and activity under variable
climatic factors［J］．Photosynthesis Ｒesearch，2013，117(1 /
2 /3) :73-90．
［31］ SON J A，NAＲAYANANKUTTY D P，ＲOH K S．Influence
of exogenous application of glutathione on rubisco and rubi-
sco activase in heavy metal－stressed tobacco plant grown in
vitro［J］． Saudi Journal of Biological Sciences，2014，21
(1) :89-97．
［32］ BASHIＲ H，QUＲESHI M I，IBＲAHIM M M，et al．Chloro-
plast and photosystems:impact of cadmium and iron defi-
ciency［J］．Photosynthetica，2015，53(3) :321-335．
［33］ XU X Y，DING Z J，CHEN L，et al． An eukaryotic
translation initiation factor，AteIF5A-2，affects cadmium ac-
cumulation and sensitivity in Arabidopsis［J］． Journal of
Integrative Plant Biology，2015，57(10) :848-858．
［34］ MILLEＲ G，SCHLAUCH K，TAM Ｒ，et al． The plant
NADPH oxidase ＲBOHD mediates rapid systemic signaling
in response to diverse stimuli［J］．Science Signaling，2009，
2(84) :ra45．
［35］ MITTLEＲ Ｒ，VANDEＲAUWEＲA S，SUZUKI N，et al．ＲOS
signaling:the new wave? ［J］． Trends in Plant Science，
2011，16(6) :300-309．
［36］ FAＲIDUDDIN Q，YUSUF M，AHMAD I，et al．Brassinoste-
roids and their role in response of plants to abiotic stresses
［J］．Biologia Plantarum，2014，58(1) :9-17．
［37］ SCHWAＲTZ C，MOＲEL J L，SAUMIEＲ S，et al．Ｒoot de-
velopment of the zinc－hyperaccumulator plant Thlaspi caer-
ulescens as affected by metal origin，content and localization
in soil［J］．Plant and Soil，1999，208(1) :103-115．
［38］ THAO N P，KHAN M I Ｒ，THU N B A，et al．Ｒole of ethyl-
ene and its cross talk with other signaling molecules in
plant responses to heavy metal stress［J］．Plant Physiology，
2015，169(1) :73-84．
［39］ YUAN H M，XU H H，LIU W C，et al．Copper regulates pri-
mary root elongation through PIN1－mediated auxin redistri-
bution［J］． Plant and Cell Physiology，2013，54 (5) :
766-778．
［40］ SUN P，TIAN Q Y，CHEN J，et al．Aluminium－induced in-
hibition of root elongation in Arabidopsis is mediated by
ethylene and auxin［J］． Journal of Experimental Botany，
2010，61(2) :347-356．
［41］ WANG P，DENG X J，HUANG Y，et al．Ｒoot morphological
responses of five soybean［Glycine max (L．) Merr］
cultivars to cadmium stress at young seedlings［J］．Environ-





［42］ KELLEＲ C，HAMMEＲ D，KAYSEＲ A，et al．Ｒoot develop-
ment and heavy metal phytoextraction efficiency:
comparison of different plant species in the field［J］．Plant
and Soil，2003，249(1):67-81．
［43］ SHUKLA T，KUMAＲ S，KHAＲE Ｒ，et al．Natural variations
in expression of regulatory and detoxification related genes
under limiting phosphate and arsenate stress in Arabidopsis
thaliana［J］．Frontiers in Plant Science，2015，6:898．
［44］ KUTA E，JEDＲZEJCZYK-KOＲYCIN' SKA M，CIES' -LAK
E，et al． Morphological versus genetic diversity of Viola
reichenbachiana and V． riviniana (sect． Viola，Violaceae)
from soils differing in heavy metal content［J］． Plant
Biology，2014，16(5):924-934．
［45］ EBＲAHIMI KHAKSEFIDI Ｒ，MIＲLOHI S，KHALAJI F，et
al．Differential expression of seven conserved microＲNAs in
response to abiotic stress and their regulatory network in
Helianthus annuus［J］． Frontiers in Plant Science，2015，
6:741．
［46］ AＲSHAD M，ALI S，NOMAN A，et al． Phosphorus
amendment decreased cadmium (Cd ) uptake and
ameliorates chlorophyll contents，gas exchange attributes，
antioxidants，and mineral nutrients in wheat (Triticum aes-
tivum L．)under Cd stress［J］． Archives of Agronomy and
Soil Science，2016，62(4) :533-546．
［47］ KELLEＲ C，ＲIZWAN M，DAVIDIAN J C，et al． Effect of
silicon on wheat seedlings (Triticum turgidum L．)grown in
hydroponics and exposed to 0 to 30 μM Cu［J］． Planta，
2015，241(4) :847-860．
［48］ CHE J，YAMAJI N，SHAO J F，et al．Silicon decreases both
uptake and root－to-shoot translocation of manganese in rice
［J］． Journal of Experimental Botany，2016，67 (5) :
1535-1544．
［49］ KHAN M I Ｒ，NAZIＲ F，ASGHEＲ M，et al．Selenium and
sulfur influence ethylene formation and alleviate cadmium－
induced oxidative stress by improving proline and





［51］ KANWAL U，ALI S，SHAKOOＲ M B，et al．EDTA amelio-
rates phytoextraction of lead and plant growth by reducing
morphological and biochemical injuries in Brassica napus L．
under lead stress［J］．Environmental Science and Pollution
Ｒesearch，2014，21(16) :9899-9910．
［52］ ASLAM U，AHMAD I，HUSSAIN M，et al． Effect of heavy
metal pollution on mineral absorption in sunflower (Helian-
thus annuus L．)hybrids［J］．Acta Physiologiae Plantarum，
2014，36(1) :101-108．
［53］ CHEN Y，ZHANG S Ｒ，XU X X，et al．Effects of surfactants
on low －molecular-weight organic acids to wash soil zinc
［J］．Environmental Science and Pollution Ｒesearch，2016，
23(5) :4629-4638．
［54］ MATHEW D C，HO Y N，GICANA Ｒ G，et al． A
rhizosphere－associated symbiont，Photobacterium spp．strain
MELD1，and its targeted synergistic activity for phytoprotec-
tion against mercury ［J］． PLoS One， 2015， 10
(3) :e0121178．
［55］ DELL'AMICO E， CAVALCA L， ANDＲEONI V．
Improvement of Brassica napus growth under cadmium
stress by cadmium-resistant rhizobacteria［J］． Soil Biology
and Biochemistry，2008，40(1) :74-84．
［56］ HASHEM A，ABDALLAH E F，ALQAＲAWI A A，et al．Al-
leviation of cadmium stress in Solanum lycopersicum L． by
arbuscular mycorrhizal fungi via induction of acquired sys-
temic tolerance［J］． Saudi Journal of Biological Sciences，
2016，23(2) :272-281．
［57］ WANG J L，LI T，LIU G Y，et al．Unraveling the role of dark
septate endophyte (DSE)colonizing maize (Zea mays)
under cadmium stress:physiological，cytological and genic
aspects［J］．Scientific Ｒeports，2016，6:22028．
［58］ KALAI T，BOUTHOUＲ D，MANAI J，et al．Salicylic acid al-
leviates the toxicity of cadmium on seedling growth，
amylases and phosphatases activity in germinating barley
seeds［J］．Archives of Agronomy and Soil Science，2016，62
(6) :892-904．
［59］ JABEEN N，ABBAS Z，IQBAL M，et al．Glycinebetaine me-
diates chromium tolerance in mung bean through lowering
of Cr uptake and improved antioxidant system［J］．Archives
of Agronomy and Soil Science，2016，62(5) :648-662．
［60］ ISHIMAＲU Y，TAKAHASHI Ｒ，BASHIＲ K，et al． Charac-
terizing the role of rice NＲAMP5 in manganese，iron and
cadmium transport［J］．Scientific Ｒeports，2012，2:286．
［61］ MISＲA S，GEDAMU L． Heavy metal tolerant transgenic
Brassica napus L． and Nicotiana tabacum L． plants［J］．
Theoretical and Applied Genetics，1989，78(2) :161-168．
［62］ HU T Z，ZHU S S，TAN L L，et al． Overexpression of
OsLEA4 enhances drought，high salt and heavy metal stress
tolerance in transgenic rice (Oryza sativa L．) ［J］．Environ-
mental and Experimental Botany，2016，123:68-77．
［63］ PＲEZ-ESTEBAN J， ESCOLSTICO C， ＲUIZ-
FEＲNNDEZ J，et al． Bioavailability and extraction of
heavy metals from contaminated soil by Atriplex halimus
［J］． Environmental and Experimental Botany，2013，88:
53-59．





［65］ CHMIELOWSKA-B K J，LEFVＲE I，LUTTS S，et al．
Effect of cobalt chloride on soybean seedlings subjected to













［70］ ＲULEY A T，SHAＲMA N C，SAHI S V，et al． Effects of
lead and chelators on growth，photosynthetic activity and Pb
uptake in Sesbania drummondii grown in soil［J］．Environ-
mental Pollution，2006，144(1) :11-18．
［71］ AKHTAＲ S S，ANDEＲSEN M N，LIU F．Biochar mitigates
salinity stress in potato［J］． Journal of Agronomy and Crop
Science，2015，201(5) :368-378．
［72］ JEFFEＲY S，VEＲHEIJEN F G A，VAN DEＲ VELDE M，et
al．A quantitative review of the effects of biochar application
to soils on crop productivity using meta－ana-lysis［J］．Agri-
culture，Ecosystems ＆ Environment，2011，144 (1) :
175-187．
［73］ YOUSAF B，LIU G J，WANG Ｒ W，et al． Investigating the
potential influence of biochar and traditional organic a-
mendments on the bioavailability and transfer of Cd in the
soil－plant system［J］．Environmental Earth Sciences，2016，
75(5) :374．
［74］ ＲEES F，GEＲMAIN C，STEＲCKEMAN T，et al．Plant growth
and metal uptake by a non－hyper-accumulating species (Lo-
lium perenne)and a Cd-Zn hyperaccumulator (Noccaea cae-
rulescens)in contaminated soils amended with biochar［J］．
Plant and Soil，2015，395(1/2) :57-73．
［75］ MAQBOOL Z，ASGHAＲ H N，SHAHZAD T，et al．
Isolating，screening and applying chromium reducing
bacteria to promote growth and yield of okra (Hibiscus escu-
lentus L．) in chromium contaminated soils ［J］．
Ecotoxicology and Environmental Safety，2015，114:
343-349．
［76］ VIVAS A，BAＲEA J M，AZCN Ｒ．Brevibacillus brevis iso-
lated from cadmium-or zinc-contaminated soils improves in
vitro spore germination and growth of Glomus mosseae under
high Cd or Zn concentrations［J］．Microbial Ecology，2005，
49(3) :416-424．
［77］ SALEEM M，AＲSHAD M，HUSSAIN S，et al．Perspective of
plant growth promoting rhizobacteria (PGPＲ) containing
ACC deaminase in stress agriculture［J］．Journal of Industrial
Microbiology ＆ Biotechnology，2007，34(10) :635-648．
［78］ KAMＲAN M A，EQANI S A M A S，BIBI S，et al．Bioaccu-
mulation of nickel by E．sativa and role of plant growth pro-
moting rhizobacteria (PGPＲs)under nickel stress［J］．Eco-
toxicology and Environmental Safety，2016，126:256-263．
［79］ HAYAT Ｒ，ALI S，AMAＲA U，et al．Soil beneficial bacteria
and their role in plant growth promotion:a review［J］．
Annals of Microbiology，2010，60(4) :579-598．
［80］ SANGTHONG C，SETKIT K，PＲAPAGDEE B．Improvement
of cadmium phytoremediation after soil ino－culation with a
cadmium-resistant Micrococcus sp． ［J］． Environmental
Science and Pollution Ｒesearch，2016，23(1) :756-764．
［81］ MATEOS-NAＲANJO E，MESA J，PAJUELO E，et al．Deci-
phering the role of plant growth－promoting rhizobacteria in
the tolerance of the invasive cordgrass Spartina densiflora to
physicochemical properties of salt-marsh soils［J］．Plant and
Soil，2015，394(1 /2) :45-55．
［82］ HAYAT Q，HAYAT S，IＲFAN M，et al． Effect of exo －
genous salicylic acid under changing environment:a review
［J］． Environmental and Experimental Botany，2010，68
(1) :14-25．
［83］ SHAＲMA P，KUMAＲ A，BHAＲDWAJ Ｒ． Plant steroidal
hormone epibrassinolide regulate heavy metal stress
tolerance in Oryza sativa L． by modulating antioxidant
defense expression［J］． Environmental and Experimental
Botany，2016，122:1-9．
［84］ JHA U C，BOHＲA A． Genomics enabled breeding





［86］ AＲAO T，AE N．Genotypic variations in cadmium levels of
rice grain［J］． Soil Science and Plant Nutrition，2003，49
(4) :473-479．
［87］ SHI J，LI L Q，PAN G X．Variation of grain Cd and Zn con-
centrations of 110 hybrid rice cultivars grown in a low－Cd
paddy soil［J］． Journal of Environmental Sciences，2009，21
(2) :168-172．
［88］ TIWAＲI M，SHAＲMA D，DWIVEDI S，et al．Expression in
Arabidopsis and cellular localization reveal involvement of
rice NＲAMP，OsNＲAMP1，in arsenic transport and





［89］ SASAKI A，YAMAJI N，YOKOSHO K，et al． Nramp5 is a
major transporter responsible for manganese and cadmium
uptake in rice［J］． The Plant Cell，2012，24 (5):
2155-2167．
［90］ CUI Y C，XU G Y，WANG M L，et al． Expression of
OsMSＲ3 in Arabidopsis enhances tolerance to cadmium
stress［J］．Plant Cell，Tissue and Organ Culture，2013，113
(2) :331-340．
［91］ ZHAO C Z，QIAO M，YU Y C，et al．The effect of the heter-
ologous expression of Phragmites australis γ-
glutamylcysteine synthetase on the Cd2+ accumulation of
Agrostis palustris［J］． Plant，Cell ＆ Environment，2010，33
(6):877-887．
［92］ LI J C，GUO J B，XU W Z，et al． ＲNA interference －
mediated silencing of phytochelatin synthase gene reduce
cadmium accumulation in rice seeds［J］．Journal of Integra-
tive Plant Biology，2007，49(7) :1032-1037．
［93］ NOCTOＲ G，FOYEＲ C H． Ascorbate and glutathione:
keeping active oxygen under control［J］．Annual Ｒeview of
Plant Physiology and Plant Molecular Biology，1998，49
(1) :249-279．
［94］ TSUJI N，HIＲAYANAGI N，OKADA M，et al．Enhancement
of tolerance to heavy metals and oxidative stress in Du-
naliella tertiolecta by Zn-induced phyto-chelatin synthesis
［ J ］． Biochemical and Biophysical Ｒesearch
Communications，2002，293(1) :653-659．
［95］ MA X L，ZHANG Q Y，ZHU Q L，et al．A robust CＲISPＲ /
Cas9 system for convenient，high-efficiency multiplex
genome editing in monocot and dicot plants［J］．Molecular
Plant，2015，8(8) :1274-1284．
［96］ YAN L L，WEI S W，WU Y Ｒ，et al． High － efficiency
genome editing in Arabidopsis using YAO promoter-driven
CＲISPＲ /Cas9 system［J］． Molecular Plant，2015，8(12) :
1820-1823．
［97］ LIU X，CHEN J，WANG G H，et al．Hydrogen sulfide allevi-
ates zinc toxicity by reducing zinc uptake and regulating
genes expression of antioxidative enzymes and metallothio-
neins in roots of the cadmium /zinc hyperaccumulator Sola-
num nigrum L．［J］． Plant and Soil，2016，400(1 /2) :
177-192．
Crop Morphogenesis and Solutions Under Heavy Metal Pollution
HONG Hualong，DAI Minyue，LU Haoliang，LIU Jingchun，YAN Chongling*
(Key Laboratory of the Coastal and Wetland Ecosystems，Ministry of Education，Xiamen University，Xiamen 361102，China)
Abstract:In consideration of the fact that agriculture is under increasing risk of heavy metal pollution，it is urgently needed to deve-lop a
technology to ensure sustainable food production．Here we review the mechanism of morphogenesis change as a response of crops to heavy met-
al pollution，the methodology in heavy metal pollution risk assessment and promising agriculture technologies to alleviate the heavy metal
stress．The genetic basis and physiological mechanism of crop under heavy metal pollution are complex，and the response depends on plant
phylogeny and metal species．With the developing knowledge on morphogenesis response and effective guidance from varieties of choices to
field management，the food production in zones polluted with heavy metals will be protected．
Key words:heavy metal;agriculture production;field management;crop breeding;agricultural decision
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